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Defect in proximal and distal sodium transport in post-obstruc-
tive diuresis. Bilateral urinary obstruction was created in rats by
tying a ligature around the bladder below the ureteral orifices.
Sham-operated rats served as controls. Water intake was limited
and food was withheld from both groups during and following
obstruction. Release of the obstruction after 30 hr was followed
by a diuresis lasting 24 to 36 hr. One group of rats was kept in
balance cages before, during and after obstruction. After release
of the obstruction, experimental animals had lower creatinine
clearance and higher urine flow, Na, K and solute excretion than
did sham-operated controls. Urine flow in the experimental
animals exceeded water intake during the postobstructive period.
A second group of rats was prepared identically and used for
clearance and micropuncture measurements beginning 14 hr
after release of the obstruction. Plasma concentrations of K,
urea and total solutes were elevated. C111 was reduced and V,
UNaV, UKY, UosmV and Cosm were elevated. Na and water
reabsorption were reduced in the proximal and distal nephron,
distal K secretion was increased, and a marked defect in con-
centrating ability was present. The reduction in proximal Na
reabsorption was not associated with a reduced peritubular
capillary protein concentration. Tracer microinjection experi-
ments with a third group of rats revealed abnormal permeability
to mannitol and inulin. The defect in Na reabsorption is probably
due to an increased backflux of Na, reducing net Na reabsorption.
GFR is probably not identical to inulin or creatinine clearance
in post-obstructive diuresis.
Défaut de transport proximal et distal du sodium au cours de Ia
diurèse post-obstructive. Une obstruction urinaire bilatérale a
été erée chez des rats par ligature de Ia vessie au dessous des
orifices urétéraux. Des rats ayant subi un simulacre de ligature
ont été utilisés comme controles. Pour les deux groupes l'in-
gestion d'eau a été limitée et la nourriture a été retiree pendant
et après l'obstruction. La levee de l'obstaele après 30 heures
a été suivie par une diurése qui a persisté 24 a 36 heures. Un
groupe de rats a été garde en cages métaboliques avant, pendant
et aprés l'obstruction. Aprés Ia levee de l'obstacle les animaux
expérimentaux avaient des clearances de la créatinine infdrieures
et des debits urinaires et des excretions urinaires de Na, K et de
substances dissoutes supérieures a celles des contrôles. Le debit
urinaire des animaux expérimentaux était supérieur a l'ingestion
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d'eau pendant la période post-obstructive. Un deuxième groupe
de rats a été identiquement préparé et utilisé pour des mesures
de clearances et des microponctions a partir de Ia 14e heure
aprés Ia levee de l'obstaele. Les concentrations plasmatiques de
K, d'urée et de substances dissoutes totales étaient élevées. C11
était diminuée et V, UNaV, UKV, UosmV et Cosm étaient aug-
mentés. La reabsorption de Na et d'eau était diminuee dans le
néphron proximal et distal, Ia secretion distale de K était aug-
mentée et il existait un deficit sévère du pouvoir de concentration.
La reduction de la reabsorption proximale de sodium n'était pas
associée a une diminution de Ia concentration des protéines dans
le capillaire péritubulaire. Des experiences de microinjections de
traceurs, dans on troisième groope de rats, ont revele des per-
méabilités anormales au mannitol et a l'inuline. Le défaut de
reabsorption do sodium est probablement lie a one augmentation
do flux de sodium entrant dans la lumière, qoi réduit Ia ré-
absorption nette de sodium. Le debit de filtration glomérulaire
n'est probablement pas identique a Ia clearance de l'inuline 00
de Ia créatinine dans Ia diurese post-obstructive.
Release of a bilateral urinary obstruction may be followed
by a severe diuresis [1—10]. In clinical situations an increased
rate of sodium excretion has been observed in association
with a decreased glomerular filtration rate [4, 5, 7—10].
Potassium excretion has been elevated [5, 7, 10] and a
defect in concentrating ability that is not affected by vaso-
pressin has been reported [3, 6—8, 10, 11]. The site of re-
duced sodium reabsorption has been placed by some in the
proximal tubule [4, 8] and by others in distal portions of
the nephron [3, 6]. Most experimental studies of post-
obstructive diuresis have used clearance measurements
after release of a unilateral obstruction [12—16]. However,
the magnitude of the diuresis in these experiments has not
approached that seen in clinical situations where obstruction
has been bilateral [8—b]. In a recent investigation using
clearance and micropuncture methods, Yarger, Aynedjian
and Bank [17] demonstrated that the diuresis occurred
after bilateral, but not unilateral, obstruction. Studying the
phenomenon immediately after release of the obstruction,
these authors concluded that the defect in sodium reab-
sorption was at sites beyond the proximal tubule and
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suggested that increased intratubular pressure during the
period of obstruction might cause the defect.
We wished to see whether an experimentally induced
post-obstructive transport defect would last several days
as does the clinically observed diuresis. Using balance,
clearance, micropuncture and microinjection methods, we
have found that after 30 hr of obstruction there are defects
in both proximal and distal sodium reabsorption that
persist for two to three days. We have also obtained evidence
that the tubule epithelium develops an abnormal permeabil-
ity to mannitol and inulin indicating a probable mechanism
for the decreased sodium reabsorption and also showing
that inulin clearance is not identical to GFR.
Methods
Ligation procedure. Long Evans male rats weighing 186
to 246 g were kept in balance cages for several days and
allowed food (Purina rat chow) and water ad libitum. They
were then lightly anesthetized with ether and, through a low
midline abdominal incision, a ligature was placed about
the bladder at the level of the trigone in such a manner as
to be caudad to the ureteral orifices but cephalad to the
bladder neck. In the experimental group (ligated) the
ligature was tightened creating a complete obstruction to
the outflow of urine from both ureters. In the control group
(sham-operated) the ligature was left loosely about the
bladder. All animals were returned to balance cages and
food and water were withheld. After 30 hr the animals were
lightly anesthetized with ether, their abdomens entered
through the old incision, and their bladders either deligated
or sham-deligated. The animals were again returned to
balance cages and food and water were withheld or given in
limited measured amounts.
Balance experiments. In one group of rats, after the
second operation, experimental and control animals were
offered the same quantities of food (10 g/day) and water
(25 mI/day). Daily measurements of actual intake confirmed
that deligated rats consumed the same amounts as did the
sham-operated controls. Urine osmolality, body weight,
creatinine clearance and intake and output of sodium,
potassium and water were measured for three days before
the first operation, for the period of sham ligation in the
controls, during the 18 hr following deligation and then
during succeeding 24 hr periods. Both food and feces were
digested in concentrated nitric acid for 24 hr. Sodium and
potassium in the digests of food and feces and in urine were
analyzed by flame photometry. Urine osmolality was
determined cryoscopically with a Precision Instruments
Osmometer (Waltham, Mass.). Creatinine in urine and tail
vein plasma was measured by a micro-adaptation of the
method of Kennedy, Hilton and Berliner [18]. For this
analysis we introduced 1.0 jtl of plasma directly into a
glass capillary containing 20 tl of 3 % trichioracetic acid.
One end of the capillary was heat sealed and the mixture
allowed to stand for at least 10 mm before centrifugation
in a microcentrifuge. Ten jil of the plasma supernatant or
a 1:500 dilution of urine or a known creatinine solution
were introduced into a glass capillary containing 20 il of
alkaline picrate (saturated picric acid, 10% sodium hydro-
xide, water; 5: 1:6) with an air column separating the two
solutions. Both ends of the capillary were heat sealed and
the contents mixed by repeated centrifugation. Sixty
minutes after initial mixing, absorbance was read photo-
metrically at 510 nm. Adequate sensitivity was obtained in
analyzing these small samples by incorporating a flow-
through cell into a filter photometer (Aminco). A hole 1 mm
in diameter drilled lengthwise in a 1 cm Lucite block created
an open-ended cylinder. Two 1 mm holes drilled in the
side of the block joined the cylinder at each end. A thin
glass cover-slip was cemented over each end of the Lucite
block. Polyethylene tubing was then connected to the two
side holes. By applying suction to one tube a column of
fluid was drawn into the cell through the other tube from
the glass capillary. Fiber optic bundles at the ends of the
cylinder delivered and collected the transmitted light. With
this cell 8 tl was sufficient fluid for the light path to pass
through 1 cm of sample. In checking the accuracy of the
technique we found concentrations measured by the micro-
method were not different from values for samples of
plasma and urine that had been measured in the Clinical
Laboratory by an automated method. Also, reproducibility
was good: for individual measurements on standard so-
lutions covering an eight-fold concentration range the
average deviation from the mean at each concentration was
1.49%.
Free-flow micropuncture and clearance experiments. In a
second group of rats, food was withheld and 25 ml of
water offered to both experimental and control groups
during the period following the second operation. Fourteen
to 16 hr after removal of the ligature the animals were
anesthetized with mactin (100 mg per kg body wt) and
placed on a heated table that maintained body temperature
at 37° C. The jugular vein was cannulated and an infusion
of 5% dextrose in water at a rate of 8.3 jil/min per 100 g
body weight was begun. A tracheostomy was performed and
the carotid artery cannulated for continuous monitoring
of blood pressure and periodic sampling of arterial blood.
The kidney was held in a Lucite cup and bathed with mineral
oil maintained at 37° C. A second Lucite cup surrounded
the first and served as a retractor. The ureter was catheterized
with PE-50 tubing. Forty minutes after the infusion began
a priming dose (0.5 ml of a 5% dextrose solution containing
100 jiCi) of 3H-inulin (New England Nuclear) was given
and the infusion solution changed to 5 % dextrose contain-
ing 200 jiCi/ml of 3H-inulin. Forty minutes later the first
of three 30 mm clearance periods was begun. Micropuncture
collections were also begun at this time. Arterial blood
samples were withdrawn at the midpoint of each of the
three clearance periods. Late proximal or distal tubules
were located after i.v. injection of 0.05 ml of a 10% liss-
amine green solution and punctured with an oil-filled
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micropipette with an outside tip diameter of 8 to 10 ji.
An oil block was injected into the tubule and allowed to
flow distally until it was just beyond the pipette tip. Then a
timed collection was begun. Gentle aspiration was required
only to begin the collection in most cases. Occasionally
periodic gentle aspiration was necessary to keep the oil
block in position. Postglomerular capillary blood was
obtained from peritubular capillaries using sharpened
micropipettes (10 to 15 i tip diameter) previously hepariniz-
ed and filled with oil [19]. After collection of 50 to 200 ni
of blood by gentle aspiration, oil was drawn into the tip.
The pipette was placed within a larger capillary that was
plugged with clay so that the tip of the pipette rested in the
clay. The cells were forced toward the pipette tip by centri-
fugation. The plasma was then removed and placed under
oil. At the termination of the experiment the distal tubules
from which fluid had been collected were injected with
latex. The kidney was removed, weighed and digested in
HC1 for 24 hr. The latex casts were dissected free and the
puncture sites were localized as percent length of total
tubule length from the macula densa region to the con-
fluence with another distal convolution. The contralateral
kidney was also removed, weighed, minced and placed in
a 240° C oven for 24 hr and reweighed to determine kidney
dry-weight.
In a separate group of experimental rats 100 jiU/lOOg
per mm of vasopressin (Pitressin®, Parke Davis) was added
to the infusion solution after termination of the first
clearance period. After 30 mm of equilibration, clearance
measurements were made in two additional clearance pe-
riods.
Analysis. Volume of tubule fluid samples was determined
in a constant bore capillary. Sodium and potassium con-
centrations were measured in 1 ni aliquots of tubule fluid
by micro-flame photometry. Osmolality of tubule fluid,
plasma and urine was determined cryoscopically in 2.5 ni
samples (Clifton Technical Physics). Inulin was measured
by liquid scintillation counting of 3H in a Nuclear-Chicago
counter using Aquasol® (New England Nuclear) as the
counting solution. Plasma and urine sodium and potassium
were analyzed by macro-flame photometry, urine and plasma
urea photometrically (Aminco) by the method of Fawcett
and Scott [20], plasma glucose by an automated glucose
oxidase method and plasma and peritubular capillary
protein concentrations by a modification of the method of
Lowry et al as described by Brenner et al [21].
Microinjection experiments. In a third group of rats the
animals were prepared in the same manner as for the micro-
puncture and clearance experiments with the following
exceptions. An infusion solution of 5% mannitol in 0.9%
sodium chloride was given at a rate of 70 jil/min per 100 g
body weight and the ureter of the opposite kidney was also
catheterized with PE-50 tubing. Microinjections into renal
tubules [221 were begun 60 mm after the onset of the
infusion. Mannitol-14C and inulin-3H (New England
Nuclear), both 0.25 jiCi/tl, were dissolved in a 0.1 % FD
and C green (Keystone) solution containing 150 mrvi NaCl,
5 mM KC1 and with a total osmolality of 290 mOsm/kg.
This solution was divided into 3.5 nl portions and each
measured volume aspirated into an oil-filled sharpened
micropipette with a tip diameter of 8 to 10 t. A small
amount of oil was then drawn into the tip. The radioactive
cocktail was injected into either early proximal, late proxi-
mal, early distal or late distal tubules at an average rate
of 0.17 ni/sec. care being taken to avoid retrograde flow.
Measured volumes were also injected directly into counting
vials for determination of the specific activity of the cock-
tail. Beginning at the onset of injection, nine sequential
1.0 mm urine samples were collected from the injected
kidney and two 4.5 mm samples were obtained from the
contralateral kidney. Before each injection, samples for
background determination were collected from each kidney.
The collections were made directly into counting vials to
which 1.5 ml water had been added. Aquasol was then added
and the 3H and 14C activities counted simultaneously in a
liquid scintillation counter (Nuclear-Chicago). Counts from
3H appearing in the '4C channel were negligible. The counts
appearing in the other channel were due to both 3H and
'4C. The contribution due to 14C, determined by counting
'4C standards, was subtracted for each sample; this was
approximately 50% of the total. The counts for each urine
sample were factored by the counts from the 3.5 nl volumes
injected directly into the counting vials to determine per
cent recovery.
Calculations. Plasma and urine results from the three
clearance periods showed steady conditions and were
averaged for each rat. Means of these values and of the
daily balance measurements for the experimental and
control groups were compared using the t distribution
(Tables 2 and 3, Figs. 1—5). Results of one to four micro-
puncture collections from proximal tubules and peritubular
capillaries of individual rats were averaged. Means of these
averages for the experimental and control rats were com-
pared using the t distribution (Table 4). Single nephron
clearance of inulin, SNC1=V . (TF/P)1,,, where V= vol-
ume flow (nl/min), TF tubule fluid inulin concentration
and P = plasma inulin concentration. Fractional reab-
sorption, FR =1 —(P/TF)1; absolute reabsorption, AR =
SNC111 —V =V [(TF/P)1 — 1]; single nephron filtration
fraction, FF = 1 —(a/c), where a is arterial plasma pro-
tein concentration and P is peritubular capillary plasma
protein concentration. Data from distal micropuncture
collections were analyzed with respect to location of the
puncture site along the distal tubule by the method of least
squares (Figs. 6—8). Significance of the slopes of the re-
gresssion lines was tested using t =m/sEm. SE of y at x = 10%
or x=100% was calculated as V(sE)2+sEm)2(x_x)2.
Absolute amounts of Na and K in individual distal collec-
tions were calculated as T (TF/P) and values from less
than 40% or greater than 60% distal length were averaged
to obtain delivery into or out of the distal convolution
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Means of these values for the experimental and control
groups were tested using the t distribution. In microinjec-
tion experiments results for total recovery were averaged
for early and late proximal and distal injections (Fig. 9).
The t test was used to compare means for different injection
sites and for experimental and control animals at the same
injection site.
Electrical Measurements. In a fourth group of rats
double-barreled KCL-filled micropipette electrodes were
used to measure distal tubule transepithelial potential
difference. The techniques of animal preparation and elec-
trode localization were as previously described [23]. The
infusion solution and rate were as described for the micro-
puncture and clearance experiments. Late distal segments
were identified by observing passage of lissamine green dye.
Results
Balance experiments. Six control and nine experimental
rats were kept in balance cages for nine days. Differences
between intake and urinary excretion of water are shown
in Fig. 1. Differences between intake and combined urinary
and fecal excretion of sodium and potassium are shown in
Figs. 2 and 3. During the three days prior to the first
operation, water, sodium and potassium balances were not
different in the control and experimental groups. Water
intake exceeded urine volume by 9.1 ml SE 0.9 and
8.9 0.8. This difference was equal to approximately 68%
of the daily water intake and can only be attributed to
insensible losses. Average sodium and potassium balances
were slightly positive. Sodium intake exceeded excretion by
0.09 mEq SE 0.04 in both groups. Potassium balances
were 0.27 mEq sa 0.09 and 0.28 0.09. These differences
were approximately 3.4% of the sodium intake and 6.0%
of the potassium intake. During the 30 hr period after the
first operation, water, sodium and potassium balances were
more negative in the sham-ligated rats than in the rats with
total urinary obstruction since the sham-operated rats
Fig. 2. Daily differences between Na intake and combined urinary
and fecal Na excretion.
excreted small volumes of urine and feces while the ob-
structed animals excreted only a small amount of feces.
Average water balance in the control group was — 1.1 ml
SE 0.3. Intake and urine output were both zero in the ligated
group. Sodium and potassium balances in control vs.
experimental were —0.36 mEq SE 0.03 vs. —0.08 0.02
and —0.77mEq±sEO.05 vs. —0.10±0.02. During the
first 18 hr after removal of the ligature the trend was
significantly reversed and urinary losses of water and elec-
trolytes were greater (P <0.001) in the deligated rats than
in the sham-operated controls. In control rats water balance
averaged 8.2 ml SE 0.4 and in deligated rats was —0.5
0.9. Sodium and potassium balances in control vs. experi-
mental were 0.02 mEq SE 0.06 vs. —1.06 0.09 and
—0.lOmEq±SEO.07 vs. —0.67±0.07. During the next
four days the average water balance of the control rats
returned to preoperative levels; however, the rats that had
been obstructed continued to excrete more water than they
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had before ligation. If an average preoperative water balance
of 9.0 ml is taken as a baseline, even after a four to five day
recovery period the experimental rats continued to have
abnormal urinary losses of approximately 1.5 ml per day.
Sodium balance quickly returned to preoperative levels in
the control group but remained negative and, therefore,
below preligation levels in the experimental group until
75 hr after deligation. Potassium balance returned to
normal by 42 hr in control rats but did not return to normal
levels in the experimental group until 114 hr after deli-
gation. Three of the nine animals died before the end of the
post-obstructive period: two at 66 hr and the third at
90 hr after deligation. For the period beginning immediately
after the first operation and including the five day recovery,
the cummulative average water, sodium and potassium
losses incurred by the six surviving rats in the experimental
group, expressed as differences from the mean of the six
control animals, were —24.5 ml water, —1.43 mEq sodium
and —1.65 mhq potassium.
Creatinine clearance and urine osmolality before and
after ligation are shown in Figs. 4 and 5. During the pre-
operative period, creatinine clearances for control and ex-
perimental groups were 0.5 63 mI/mm sa 0.097 and
0.563 0.068; however, for the 18 hr after removal of
the ligature creatinine clearances in the experimental group
averaged one-sixth (P <0.001) of the control values (control:
0.470±0.081; experimental: 0.087±0.016) and remained
low for the next four days. Urine osmolality was not different
in the two groups during the preoperative period. Average
osmolality was 2241 mOsm/kg±sa 121 in the control
group and 2354 95 in the experimental group. During the
18 hr period after the ligature was removed both groups
excreted a more dilute urine. Average osmolality of control
rats was 1632 mOsm/kg sa 51 and in ligated rats was
538 32 (P <0.001). The control animals' urine osmolality
subsequently returned to preoperative levels by 42 hr,
Days
Fig. 5. Urine osmolality before and after bilateral ureteral ob-
struction.
whereas the experimental group maintained low osmolalities
throughout the recovery period.
Water and electrolyte balances of the animals used in
clearance and mieropuncture experiments were also mea-
sured during the 14 hr period immediately following the
second operation (deligation or sham). Results of these
measurements are summarized in Table 1 and are similar
to the data noted for the 18 hr period following the second
operative procedure in the series of long term balance
measurements.
Clearance and micropuncture experiments. Control and
experimental animals were studied 14 hr after the ligature
was removed. Body weight of the ligated rats was the same
as that of the control animals (198 g±sE 4) but the kidney
weight of the experimental rats was greater. The average
kidney wet weight for the control rats was 1.12 g SE 0.05
vs. 1.55 0.05 for the experimental group (P <0.001).
Kidney dry weight corrected for total body weight averaged
0.127±sa 0.006 per 100 g body weight in the control and
0.168 0.007 in the experimental groups (P <0.001). The
kidneys of the previously ligated rats were visibly larger and
the ureters and pelves were clearly dilated. The diameter of
the ureter was about five times larger in the ligated rats.
Under the microscope the surface distal tubule segments
were more obvious in the experimental group. They were
dilated and appeared darker.
Measurements made on arterial plasma from these ani-
mals are summarized in Table 2. Averages of clearance
measurements are given in Table 3. Hematocrit (Met), red
blood cell count (RBC), mean corpuscular volume of the
red cells (MCV) and plasma concentrations of sodium,
protein and glucose were not significantly different in the
two groups. Plasma concentrations of potassium, urea,
and total solutes were significantly greater in the experi-
mental group than in the control group. Urine flow rate
and excretion rates of sodium, potassium, urea and total
solutes were all significantly greater in the experimental
0
be
-eI0
I
I
Ligature
Ligature removed
3000-
2000' C\
if
nj
flurine11000
+
o Sham (6)
• Obstruction (9) _-
A I I I
1 2 3 4 5 6 7 8 9
Ligature
Ligature removed
E
E
0U
n
'-4
c's0
U0
C
c's0
'-4
C-)
Fig. 4. Creatinine clearance before and after bilateral ureteral
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Table 1. Balance data for first 14 hr after removal of ligature
Weight loss Sodium Potassium Water Urine
osmolality
g mEq mEq ml mOsm/kg
Experimental — 10.6± 0.8 (17) —1.12 0.11 (13) —0.48 0.06 (13) — 1.74± 0.58 (17) 541 57 (13)
Control
—3.8±0.4 (13) —0.12±0.02 (12) —0.17±0.03 (12) +5.90±0.56 (13) 1292±88 (12)
P <0.001 <0.001 <0.001 <0.001 <0.001
Values are means sa. Weight loss and intake minus urinary excretion of Na, K and water are expressed per 100 g body weight. Paren-
theses indicate number of rats.
Table 2. Summary of measurements on arterial blood
[Na] [K] [Urea] [Glucose] [Osm] [Protein] Hct RBC MCV
mmoles/ mmoles/ mmolesj mmoles/
liter liter liter liter mOsm/kg g/100 ml % cells x 106/mm3
Experimental 141 2 7.2± 0.4 70.2± 9.9 7.1 0.5 390±8 7.50± 0.68 51.6± 1.4 8.86± 0.81 53.7± 6.5
(13) (13) (8) (3) (17) (6) (13) (6) (6)
Control 144±1 4.5±0.1 15.6±2.0 8.1±0.4 310±3 6.12±0.19 52.8±0.8 10.53±0.65 44.9±2.9
(14) (14) (9) (4) (20) (5) (14) (6) (6)
P NS <0.001 <0.001 NS <0.001 NS NS NS NS
Values are means s. Parentheses indicate number of rats. MCV= mean corpuscular volume of red cells.
Table 3. Summary of clearance measurements
V UV UKV UureaV UosmV C1 Cosm CH2O
p//mm pEq/min pEq/min pmoles/min pOsm/min rn//mm p1/mm /1//mm
Experimental 8.63± 1.18 0.50±0.07 0.34±0.04 1.42±0.34 3.62±0.62 0.065±0.010 9.08± 1.70 —0.91±0.49
(13) (13) (13) (5) (8) (13) (8) (8)
Control 0.95±0.07 0.02±0.003 0.08±0.02 0.20±0.04 1.55±0.16 0.682±0.042 5.09±0.54 —4.10±0.51
(14) (14) (14) (2) (12) (14) (12) (12)
P <0.001 <0.001 <0.001 0.05<0.1 <0.005 <0.001 <0.025 <0.001
Values are means SE and are expressed per g kidney wt. Parentheses indicate number or rats.
Table 4. Summary of end-proximal tubule and peritubular capillary data
TT SNC1 AR FR [Prot] FF
sec n//mm ni/mm nI/mm % g/100 ml
Experimental 17.8±0.9 6.3± 1.1 10.4± 1.57 3.84±0.47 39.5±2.1 8.35±0.68 0.10±0.01
(13) (9) (9) (9) (9) (6) (6)
Control 9.6±0.4 5.0±0.7 16.7±2.0 11.65± 1.47 69.8±2.2 8.28±0.39 0.26±0.01
(4) (5) (5) (5) (5) (5) (5)
P <0.001 NS <0.05 <0.001 <0.001 NS <0.001
Values are means SE. TT = transit time; =volume flow rate; SNC1 = single nephron inulin clearance; AR= absolute reabsorptive
rate; FR= fractional reabsorption; [Prot] =peritubular capillary protein concentration; FF = filtration fraction. Parentheses indicate
the number of rats.
animals than in controls. Inulin clearance and free water C111 measured before and during administration of vaso-
reabsorption were less in the experimental group than in the pressin: 431 mOsm/kg SE 5 vs. 438 6; 10.4 itI/min SE
controlanimals. 1.5 vs. 10.8±1.6; 0.66pEq/min±0.11 vs. 0.85±0.15;
In two ligated-deligated rats there was no significant 0.40 j.tEq/min 0.06 vs. 0.38 0.07; 4.5 jiOsm/min 0.6 vs.
difference in urine osmolality, V, UNaV, UKV, UosmV or 5.0±0.8; and 0.053 ml/min±0.012 vs. 0.054±0.012.
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Tables 4 and 5 summarize micropuncture data obtained
from end-proximal and distal tubules. Data obtained from
measurements of inulin, sodium, potassium and osmolality
in fluid from end-proximal and distal tubules and final
urine are illustrated in Figs. 6—8. In each figure the slope
of the least square line for experimental rats differs signif-
icantly from that for the control rats (P<0.001). The
proximal tubule (TF/P) inulin of l.70±sE 0.06 for the
experimental group was significantly lower (P <0.001)
than that of 3.47 0.20 observed for the controls (Fig. 6).
In the early distal tubule the ratios were not different in
the two groups; however, end-distal (TF/P) inulin for the
°/ Distal
Ô 20 40 60
>• ••0.0 0
Fig. 6. Fluid to plasma ratios of mu/in concentration in samples
from end-proximal and distal tubules and in ureteral urine. Points
are for individual measurements. Regression lines were calcu-
lated by the method of least squares. Slopes of both lines are
significant (sham, P< 0.001; ligated, P< 0.05). Brackets in-
dicate 1 SE for 100% distal length and urine. Values for urine
are means for 13 experimental and 14 control rats.
TT
sec
SNC1
nl/min
Vearjy
nI/mm
Viate
nI/mm
Experimental 58.3± 1,2 17.8± 4.1 3.10± 0.62 2.75±0.87
Control 42.3± 1.6 24.1± 3.0 3,29±0,52 1.04±0.57
P p<O.00l NS NS <0.05
experimental group was significantly lower (P <0.025)
than for the controls (9.9 1.8 vs. 27.5 3.6). Proximal
tubule sodium concentration was not different in either
group from the plasma concentration. At 10% distal
tubule length the calculated (TF/P) sodium of 0.59 SE 0.05
for ligated rats was significantly (P<0.OOl) greater than
the value of 0.28 0.03 for control animals. However,
along the course of the distal tubule sodium and water
were reabsorbed in both groups so that at 100% distal
tubule length both (TF/P)0sm and (TF/P)Na for the experi-
mental group are not different from the concentration ratios
for controls. The (TF/P)øsm at 10% distal tubule length
for the experimental rats of 0.67±0.03 was significantly
greater (P '<0.001) than the ratio of 0.53 obtained
for the control group. Volume flow rates at 10% distal
tubule length are not different for the two groups (Table 5);
however, the greater (TF/P)Na observed in the experimental
group accounts for an increased (P <0.05) sodium delivery
from the loop of Henle of 0.22 nEq/min SE 0.024 for the
experimental animals vs. 0.14 for the controls. The
volume of fluid delivered to the collecting duct, calculated
as the volume flow at 100% distal tubule length, was
significantly greater in the experimental than control groups
(Table 5). Sodium delivered to the collecting duct for the
experimental group was 0.072 nEq/min 0.026 and was not
different from 0.052±0.019 for the controls. Sodium and
water reabsorption along the distal tubule for experimental
vs. controls were 0.144 nhq/min vs. 0.092 and 0.35 nI/mm
vs. 2.25 (Table 5). The fraction of filtered sodium remaining
at the end of the distal tubule averaged 1.4% 0,8 for
controls and 2.1 for experimental animals (Fig. 7).
Average fractional sodium excretion rates were 0.022 %
SE 0.004 in the control group and 6.78 1.01 in the ligated
rats (Fig. 7). Proximal tubule potassium concentrations in
both groups were not different from their respective
plasma concentrations. Delivery of potassium at 10%
distal tubule length calculated from flow rates (Table 5)
and distal potassium concentrations (Fig. 7) was not dif-
ferent (P<0.05) in the two groups (experimental: 0.018
nEq/min±0.010; control: 0.007±0.002). Net secretion of
potassium along the distal tubule was 0.092 nEq/min in the
experimental group and 0,014 nEq/min in controls. Deli-
very of potassium out of the distal tubule for the experi-
mental animals was 0.llOnEq/min±0.010 and was
greater (P<0.00l) than the rate of 0.Ol9nEq/min±0.020
Table 5. Summary of distal micropuncture data
Values are means± sa for six rats in each group. Abbreviations
as in Table 4.
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Fig. 8. Fluid to plasma ratios of osmolality in samples from end-
proximal and distal tubules and in ureteral urine. Slopes of both
lines are significant (sham, P<0.OOl; ligated, P<0.005).
Brackets indicate 1 SE as in Fig. 6.
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Fig. 9. Percent recovery in ureteral urine of 3H-inulin and '4C-
mannitol injected into surface tubule segments. Points indicate
means, vertical lines indicate 1 SE and parentheses indicate
number of injections.
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Fig. 10. Cumulative recovery in successive 1.0 miii ureteral urine
collections of 3H-inulin injected into surface tubule segments.
Points are mean values for the number of injections indicated.
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Fig. 11. Cumulative recovery in successive 1.0 mm ureteral urine
collections of 14C-mannitol injected into surface tubule segments.
observed for controls. The potassium present at the end of
the distal tubule expressed as a fraction of filtered potassium
is 15% sE 2 for controls and 49 3 for experimental
animals (Fig. 7). Average urinary fractional potassium
excretion is 3.1% 0.7 for control and 86.7±6.8 for
experimental animals (Fig. 7). These differences between
experimental and control values are significant at the
P<0.001 level.
Microinjection experiments. Recovery of tracer amounts
of mannitol and inulin injected into proximal and distal
tubules was measured in four control and seven experimen-
tal animals. Fig. 9 illustrates per cent recovery of both 3H-
inulin and 14C-mannitol. The top portion of Fig. 9 shows
the fraction of injected isotope recovered from the ureter
of the kidney (ipsilateral) into which the isotopes were
injected. The bottom portion demonstrates recovery from
the opposite (contralateral) kidney expressed as a fraction
of the dose injected into the ipsilateral kidney. In the
collections from ipsilateral kidneys more 3H and "C were
recovered in the urine of control animals (P <0.001)
whereas, in the urine from contralateral kidneys, larger
amounts of both isotopes were recovered from the experi-
mental rats (P <0.001). Analysis of the mean values for
the injected kidney shows that recovery of 14C-mannitol
from late distal tubules was greater than that from late
proximals (P<0.02); recovery from early distals was
greater than from early proximals (P <0.005), and recovery
from late proximals was greater than from early proximals
(P <0.005). For 3H-inulin collected from injected kidneys,
recovery from late distal injections was greater than from
early proximal injections (P <0.05). Other mean values for
recovery of fluid injected at different sites are not signif i-
cantly different. Figs. 10 and 11 are plots of cumulative
recovery of inulin and manntiol from the ipsilateral kidney
in successive collections and illustrate the time course of
tubule transit. These curves show that 50 % recovery of
both isotopes in the urine from early proximal, late proxi-
mal, early distal and late distal tubules occurred at 3.9, 3.1,
1.5 and 0.8 mm for control animals and 4.2, 2.8, 1.8 and 1.6
mm for the experimental group.
Electrical measurements. Electrical measurements of
distal tubule potential differences were performed in three
control and two experimental animals. The average trans-
epithelial potential difference for 19 late distal tubule seg-
ments of rats that had been obstructed was 42.4 my 5E 3.6,
lumen negative. This value is not different from the PD
of 34.9 2.7 obtained for 24 late distal tubules of the control
animals.
Discussion
These experiments demonstrate the diuresis of water,
sodium and potassium that can occur after relief of bi-
lateral ureteral obstruction, illustrate the time course of
events and allow some insight into the nature of the transport
defects present during the diuretic period. The nine day
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balance experiments (Figs. 1—5) reveal that the diuresis
creates a sodium deficit which lasts approximately two
days, a potassium deficit which lasts about four days, a
concentrating defect which is incompletely reversed and a
low creatinine clearance which remains depressed through-
out the recovery period. By the fifth day after relief of
obstruction, renal function is adequate for continued sur-
vival, although still impaired.
To avoid any possibility of volume expansion during the
period of obstruction, water was withheld from both
groups after the first operation. Since insensible losses con-
tinued, both groups of animals became moderately dehydrat-
ed. The control rats' hematocrit of 53 % indicates the degree
to which extracellular fluid volume was contracted in these
animals. In the first 14 hr following relief of obstruction,
even without considering insensible losses, the average
water balance is negative (Table 1). Most of the weight
lost by the ligated-deligated animals during this period is
accounted for by the water deficit. The difference in water
balance between the two groups expressed in grams is
—7.6 g SE 0.6 and is not significantly different from the
difference in weight loss: —6.8 g SE 0.8. The effect of the
inappropriate water loss on concentrations of some con-
stituents of blood is shown in Table 2. The markedly
elevated plasma osmolality for the experimental group is
largely due to increased urea levels. In the eight rats in
which urea was measured, the combined concentration of
Na, K, anions, urea and glucose, 381 10 mOsm/kg, is not
different from the measured plasma osmolality in the same
eight rats of 377 11 mOsm/kg. Neither is this plasma
osmolality significantly different from that measured for
all the animals (Table 2). Similarly, there was no significant
difference between the sum of the concentrations of these
constituents for the controls, 318 and the measured
osmolality, 310 SE 3 mOsm/kg (Table 2). To avoid extra-
cellular fluid volume expansion during the clearance and
micropuncture experiments we infused an electrolyte-free
solution at a low rate (0.5 ml/hr per 100 g body wt).
The experimental animals had an average urine flow rate
approximately ten times greater than controls and a urinary
sodium concentration almost three times that of controls
(58 vs. 21 mEq/liter). Sodium excretion was therefore 25
times greater in the ligated rats. Urinary potassium con-
centration in the ligated group was lower than in the con-
trols (39 vs. 84 mEqjliter), however, the large increase in
urine flow rate resulted in a four-fold increase in potassium
excretion in the experimental group. An inability to con-
centrate the urine normally was observed in the experimen-
tal group. Total urinary solute concentration was 418
mOsm/kg in the ligated rats and 1 395 mOsmJkg in the
controls. Again, because of the larger increase in urine
flow, osmolar excretion rate in the experimental animals
was approximately two times higher than in the controls
(Table 3). Urea excretion was measured in fewer animals,
and the increase in excretion rate in the experimental group
is of borderline significance.
The effect on the post-obstructive diuresis of infusing a
saline and mannitol solution at a faster rate was observed
in the microinjection experiments. In the control group
urine flow rate increased to 34 SE 2 jil/min per 100 g and
UNaV increased to 0.47 SE 0.05 jtEq/min per 100 g. The
same infusion in the experimental group resulted in an
increase in urine flow rate to 78±4 and a more striking
increase in UNaV to 5.32 The effect of an inter-
mediate rate of infusion of a Ringer-lactate solution can be
appreciated from the study of Yarger, Aynedjian and
Bank. They reported values for V of 12.1 ui/mm per 100 g
and UNaV of 1.13 iEq/min per 100 g [17]. However, the
differences that they found between experimental and
control animals for urine flow, sodium excretion and
potassium excretion rates were smaller than those in
Table 3. These smaller differences may be related to the
short time after release of the obstruction or to the infusion
of Ringer-lactate solution into control animals.
Micropuncture collections of fluid from end-proximal
tubules and blood from efferent arterioles (Table 4) de-
monstrated that transit time is prolonged, single nephron
inulin clearance and (TF/P) inulin are reduced and filtration
fraction is decreased. Approximately 13 % of filtered inulin
appears to be reabsorbed from the proximal tubule (Figs.
9—10), contributing to the low values for SNGFR. Further,
it is likely that leakage of inulin from Henle's loops and
collecting ducts, combined with countercurrent trapping of
inulin in the medulla, could have raised the distally meas-
ured SNGFR (Table 5). The variability of these measure-
ments was such, however, that the proximally and distally
measured SNC1 are not different in either control or ex-
perimental animals (P <0.05). When the proximally
measured inulin concentrations are corrected for the ob-
served leakage, (TF/P)1 and SNGFR are still 45 % and
36% lower in the post-obstructive animals. Finally, the
dehydration induced in all of the animals probably contrib-
uted to the abnormally high (TF/P)1 ratios and the ab-
normally low SNGFR values in the control rats.
Since the volume flow at the end of the proximal tubule
was not different in the two groups (Table 4), the sodium
loads delivered from the proximal tubule were not different
(experimental: 0.89 nEq/min; control: 0.72). In the ex-
perimental rats absolute reabsorption was reduced to a
greater degree than SNGFR (62 vs. 32%), thus resulting in
reduced fractional reabsorption. The balance between fil-
tration and absolute reabsorpition that normally results in
an approximately constant fractional reabsorption was,
therefore, disrupted in the post-obstructive animals. Be-
cause of the large decrease in absolute reabsorption, the
same sodium and water load was delivered to the loop of
Henle in both groups even though SNGFR was greatly
reduced in the ligated rats.
The magnitude of water and sodium reabsorptive rates
in the loop of Henle may be inferred from a comparison of
late proximal and early distal fluid. Least square regression
lines calculated for the distal tubule data were extrapolated
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to 10% distal tubule length to find the average values for
composition of the fluid at this point. In both groups early
distal (TF/P) inulin ratios are greater than those observed
at the end of the proximal tubule (Fig. 6), but are not dif-
ferent in experimental compared to control rats. The (TF/P)
sodium and (TF/P) osmolality for the experimental rats
were greater than the ratios obtained for the control group
(Figs. 7 and 8). The average (TF/P) sodium for control ani-
mals is slightly lower than previously reported values [24].
The measurements, however, are within the range of values
found by Malnic, Kiose and Giebisch in rats on a low so-
dium diet. The sham-operated rats were deprived of sodium
for 44 hr prior to the micropuncture experiments and were
given an infusion that was sodium-free. These data indicate
that sodium and water reabsorption continued in the loop
in both groups, but that sodium reabsorption was impaired
in the ligated rats. Consequently, almost twice as much
sodium was delivered to the distal tubule in the experimental
group.
The (TF/P) inulin ratio at the end of the distal tubule for
the experimental group was lower than the ratio for the
controls (Fig. 6). Correcting the (TF/P) inulin in ligated
rats for the inulin leak of 24% observed in the microinjec-
tion experiments (Fig. 9) increases the ratio from 9.9 sa
1.8 to 12.3 1.8, still lower than the control value of
27.5 3.6. The absolute rate of water reabsorption along
the distal tubule was, therefore, about six times higher in
the control animals than in the ligated rats (Table 5).
Associated with the greater sodium delivery to the distal
tubule in the ligated rats, the absolute rate of sodium
reabsorption along this segment was almost twice as high
(0.14 vs. 0.09 nBq/min) as in the control group. The distal
tubule, therefore, reabsorbed an approximately equal frac-
tion (71 to 73%) of the sodium delivered to it in the two
groups. By the end of the distal tubule intraluminal sodium
concentrations are similar in the two groups (Fig. 7). Both
the fraction of filtered sodium remaining at the end of the
distal tubule, and the fractional excretion of sodium in the
urine, were greater in the experimental group than in the
control group. In the control animals the collecting duct
epithelium continues to reabsorb sodium, whereas in the
experimental animals the fraction of filtered sodium
in the final urine was greater than the average fraction re-
maining at the end of the surface distal tubules. The possi-
bility of heterogeneity of nephron function makes it
hazardous to draw conclusions about collecting duct
function from comparisons of distal tubule and final urine
data. In this case, however, we think it unlikely that deep
nephrons contributed most of the sodium to the urine
because deep nephron GFR was apparently reduced even
more than the GFR of superficial nephrons (see below).
Thus, it is probable that the data indicate a net entry of
sodium into the collecting duct. Ulirich and Marsh spe-
culated that a passive influx of sodium down its electro-
chemical gradient might occur when collecting duct per-
meability was increased by ADH [25].
In the experimental group there was no increase in osmo-
lality between late distal samples and ureteral urine (Fig. 8).
Since this lack of concentrating ability is not affected by
infusion of vasopressin, it appears that the normal papillary
osmotic gradient is reduced. Others have concluded pre-
viously that there is a depletion of medullary solutes after
ureteral obstruction [12, 26].
Potassium secretion along the distal tubule was con-
siderably greater in the experimental group than in the
controls (Fig. 7). The absolute amount of potassium secret-
ed was approximately seven times greater and the potassium
load presented to the collecting duct was more than five
times larger in the experimental animals. In the post-
obstructive rats there was continued net addition of po-
tassium along the collecting duct (Fig. 7), whereas in con-
trols some of the potassium secreted in the distal convolu-
tion appears to have been reabsorbed by the collecting
duct (Fig. 7). That K may be either secreted or reabsorbed
by the collecting duct has been inferred previously from
differences between end-distal fluid and ureteral urine
[27—29].
Conclusions as to whether the lower GFR in the ligated
rats is the result of a reduced effective filtration pressure or
a reduction in permeability or area of the filtering surface
must await direct measurement of glomerular capillary
pressure. It may be that glomerular capillary pressure was
reduced although evidence against this possibility is the
equal arterial pressures in the two groups (125 mm Hg)
and the maintenance of glomerular plasma flow as shown
by the reduced filtration fraction (Table 4). Other changes
that could lower effective filtration pressure are even less
likely since arterial protein concentration was not signi-
ficantly increased (Table 2) and since Yarger et al [17] did
not find increased intratubular pressure after release. It
should be noted that whatever factors did change to reduce
GFR, the observed direction of change is consistent with
the hypothesis of feedback control of GFR [30]. The re-
duction in GFR could, therefore, have been the result of
the increased sodium load delivered to the distal nephron
initiating regulatory adjustments in filtration that mini-
mized the extent of sodium losses.
The large decrease in proximal sodium and water reab-
sorption was associated with a decreased filtration fraction
(Table 4) but not a reduction in peritubular capillary pro-
tein concentration. The measured efferent arteriole protein
concentrations (Table 4) were equal in the two groups. The
calculated change in filtration fraction reflects, rather, the
higher arterial protein concentration in the ligated animals.
In control rats post-glomerular blood has a 35 % greater
protein concentration than carotid artery blood. However,
because the experimental rats have a higher arterial protein
concentration, than the control animals, an increase of
only 11 % raised the experimental rats' efferent arteriolar
protein concentration to the same level as in control ani-
mals. The decreased sodium and water reabsorption is,
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therefore, not associated with a decreased peritubular
capillary oncotic pressure.
It is now clear, however, that two other observations
must be reconciled with an explanation of the inhibition of
sodium reabsorption in post-obstructive diuresis. First, the
microinjection experiments reveal changes in the permeabi-
lity of the tubule wall to both mannitol and inulin (Figs.
9—11). It is likely that such a change in permeability,
following 30 hr of total urinary obstruction, reflects in-
creased permeability to sodium and other ions as well.
Increased sodium permeability would be expected to de-
crease net sodium transport by increasing sodium backflux.
It should be noted here that, while we consider the most
likely interpretation of the results of the microinjection
experiments to be that obstruction caused a non-specific
permeability defect, we acknowledge that other explana-
tions of our observations are possible. If the post-obstruc-
tive rats' tubules were structurally changed in such a way
that the tubule was less well-sealed around the injecting
pipet, a leak at the injection site could have resulted in the
smaller recoveries from the injected kidney and larger
recoveries from the opposite kidney that we found. We
carefully watched the injections, however, and observed no
leaks. The finding of abnormal permeability to inulin is a
surprising result. Lorentz, Lassiter and Gottschalk [31] did
observe that a brief period of unilateral ureteral obstruction
caused a leak of mannitol but not of inulin. Nevertheless,
our observation that a progressively larger recovery of
inulin was obtained as the length of tubule to which the
inulin was exposed is diminished (Figs. 9, 10) lends support
to our inference that a prior period of obstruction did cause
an abnormal permeability to inulin. Second, since sodium
reaborption is reduced after bilateral obstruction but not
after unilateral obstruction [17], some consequence of total
urinary retention may mediate the change in sodium trans-
port. While it may be that the permeability changes we
observed in the microinjection experiments occur only
when both kidneys are obstructed, it is also possible that
some retained substance during the period of total ob-
struction exerts an additional inhibitory influence on net
sodium transport. One substance retained in bilaterally
obstructed animals is urea. Although Yarger et al [17]
concluded that urea, acting as an osmotic diuretic, could
not be the sole cause of the diuresis, some caution should
be exercised in ruling it out as a contributing factor. Acute
infusion of 5 M urea in isotonic saline does increase urine
flow rate and the absolute rate of sodium excretion [17, 32]
to levels similar to those that we found in post-obstructive
diuresis (Table 3). Also, the diuresis in the acute loading
experiments [17, 32] occurred at a plasma concentration of
urea only about half that found in the obstructed rats
(Table 2). Against a major role for urea, however, the
greatly reduced GFR in the post-obstructive animals means
that the absolute rate of sodium reabsorption is only
about one-tenth that of rats given an acute urea infusion.
A second substance whose plasma concentration increases
during bilateral urinary obstruction is potassium. Recent
evidence shows that the increase in sodium excretion that
has long been known to follow acute potassium infusion
(references in [29]) may be related to increased plasma
potassium concentration. Brandis, Keys and Windhager
[33] found that acute elevation of plasma K to 5 to 7
mEq/liter is associated with a 32% decrease in sodium
reabsorption by superficial proximal tubules. As with urea,
however, it is unlikely that potassium provides a complete
explanation for the post-obstructive natriuresis because in-
creased plasma K has little effect on distal Na reabsorption
[33]. Finally, the possibility remains that some other sub-
stance retained during bilateral obstruction, but excreted
when only one kidney is obstructed, could directly inhibit
sodium transport. While such a humoral factor has been
difficult to identify, recent evidence for its existence in the
serum of uremic patients [34] leaves open the possibility
that it might also inhibit sodium reabsorption after only
30 hr of total urinary obstruction.
The higher concentrations of sodium and total solutes in
early distal tubule fluid in these animals demonstrate that
sodium reabsorption in the loop cannot establish as great
a concentration gradient in the ligated rats as in the controls.
This decreased efficiency of sodium transport in the 1oop
of Henle might be due either to a limitation in the pump
rate or to an increase in backflux. The increase in loop
permeability observed in the microinjection experiments
indicates that an increased backflux of sodium in a region
of high peritubular sodium concentration could contribute
to decreased sodium reabsorption. The ability of the super-
ficial distal tubule to establish concentration gradients
comparable to controls and to maintain a normal trans-
epithelial potential difference argues against a general
inhibition of active sodium transport, although it does not
rule out a decrease in sodium pumping in medullary
structures. Again, the possibility remains that urea, po-
tassium or another factor retained during the period of
obstruction may be acting directly on the loop epithelium
to inhibit net sodium transport. It is very unlikely that a
deficiency of circulating aldosterone is responsible for the
impaired sodium reabsorption in the loop or more distal
segments, since experimental post-obstructive diuresis is not
diminished by administration of aldosterone [17] and clini-
cal observers have reported that mineralocorticoids have
little effect on the diuresis [2, 4, 10].
In the experimental animals, since permeability to man-
nitol and inulin were increased in the collecting duct, it is
possible that an increased back leak of sodium has over-
whelmed a normal or diminished sodium transport me-
chanism.
Increased potassium excretion in post-obstructive diuresis
results from increased net secretion along the distal tubule
and from further addition along the collecting duct as well.
Increased tubule fluid flow rate (Table 5) is probably the
main factor contributing to this increase in potassium
secretion [35, 36], although the distal epithelium does
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establish a higher fluid to plasma concentration difference
in the experimental rats (Fig. 7). This higher luminal
potassium concentration could result from a higher cellular
potassium concentration due to the more severe dehydration
of the post-obstructive animals [37]. That dehydration
increased cell K is also indicated by the higher plasma K in
the experimental group (Table 2). The similar transcpithelial
PD in the two groups indicates that a change in electrical
potential does not contribute to the increased potassium
secretion.
A comparison of superficial SNGFR and whole kidney
GFR, both corrected for the observed leak of inulin,
suggests a reduction of the contribution of deep nephrons
to overall function. GFR/SNGFR for controls was
4.08 x 10" and similar to values found by others for normal
rats [38, 39]. The ratio was decreased to 0.63 x 10 for the
experimental group mainly because of a large decrease in
GFR. This change implies that superficial nephrons are
carrying relatively more of the functional load in the
animals that had been obstructed. Yarger et al [171, by
comparing SNGFR x 30000 to whole kidney GFR, con-
cluded that the function of deep nephrons was either
markedly decreased or entirely absent. Inferences about the
function of deep nephrons must be made with caution,
however, since it is likely that the abnormal permeability
to inulin seen in superficial nephrons in our microinjection
experiments was at least as great in deep nephrons. The
contribution of the deep nephrons to total GFR may be
significantly underestimated by measurements of inulin
clearance.
The significant difference between kidney wet weights
probably reflects an increase in interstitial fluid in the
obstructed kidneys. At the time of micropuncture the
experimental kidneys did appear swollen and edematous.
Not all of the difference in kidney weight was due to water,
however. The difference in kidney dry weights indicates an
increase either in tissue mass or in solute concentration in
the kidney of the experimental animals. Since it has been
shown that medullary urea, sodium and chloride content is
diminished in obstructed kidneys [12, 26], hypertrophy
seems the more likely possibility. The stimulus for bilateral
hypertrophy in these experiments must be some factor
other than an increased salt and water load to the proximal
tubule or the loop of Henle [40, 41].
Each of the several defects caused by the period of ob-
struction diminished spontaneously over a period of days.
A self-limited course has usually been observed in clinical
post-obstructive states as well [5, 9]. The two different
infusion rates used in these experiments, however, show
that only moderate amounts of fluid supplements are
necessary during this time. When the infusion rate was
increased from 8 to 70 jil/min the urine flow rate increased
from 9 to 78 jil/min in the animals that had been obstructed.
Thus, if no fluid is given when the post-obstructive defect is
present there will be a deficit of salt and water and dehydra-
tion may be severe. If large amounts of fluid are given,
however, the urine flow may be expected to increase pro-
portionately with little additional benefit.
In summary, this experimental demonstration of post-
obstructive diuresis reveals several defects in renal function.
Proximal sodium reabsorption is decreased out of pro-
portion to the large decrease in GFR so that there is no
reduction in the delivery of sodium and water to the loop
of Henle. Sodium reabsorption in the loop is reduced re-
sulting in delivery of fluid with a higher than normal sodium
concentration to the distal tubule. Sodium reabsorption by
the distal tubule is increased in proportion to the increased
load delivered to it, but passes on a greater absolute quan-
tity of sodium and water to the collecting system. A net
addition of sodium appears to occur between the late distal
tubule and the final urine. A non-specific increase in per-
meability along the entire nephron means that inulin
clearance underestimates the GFR but, more importantly,
probably contributes to the reduced sodium reabsorption
by the proximal tubule, loop and collecting duct epithelium.
in addition, it is possible that a circulating factor retained
during the period of obstruction may inhibit sodium trans-
port.
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